Aim: Lusutrombopag is approved for the treatment of thrombocytopenia in chronic liver disease patients undergoing invasive procedures. This real-world surveillance assesses the safety and effectiveness of lusutrombopag in Japan.
INTRODUCTION
S EVERAL LIVER CONDITIONS can lead to chronic liver disease (CLD), and might progress to cirrhosis or hepatocellular carcinoma. In Japan, causes of liver cirrhosis include chronic infection with hepatitis C (60.9%) or hepatitis B (13.9%) viruses, alcohol consumption (13.6%), primary biliary cirrhosis (2.4%), non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (2.1%), and autoimmune hepatitis (1.9%). 1 Thrombocytopenia, which is defined as moderate or severe if platelet levels are ≥50 to <100 × 10 9 /L or < 50 × 10 9 /L, respectively, 2 is a common hematological disorder in patients with CLD. 3 Patients with CLD might require invasive diagnostic or therapeutic procedures, and a high risk of procedurerelated bleeding complications has been reported among thrombocytopenic patients with platelet counts <75 × 10 9 /L. 4 Decreased production of thrombopoietin, which regulates both platelet production and maturation, is one of the main mechanisms of thrombocytopenia in patients with CLD. 5 Additional mechanisms include splenic sequestration of platelets and increased destruction by means of shear stress, immune-mediated responses (both autoimmune-and infection-related), increased fibrinolysis, and bacterial translocation associated with endotoxemia. 5 Lusutrombopag is a chemically synthesized, orally active, small-molecule human thrombopoietin receptor agonist developed by Shionogi & Co., Ltd. (Osaka, Japan). 6 It activates the signal transduction pathway similar to endogenous thrombopoietin and induces platelet production. Lusutrombopag was approved in Japan (2015) and the USA (2018) for the treatment of thrombocytopenia in adult patients with CLD who are scheduled to undergo a procedure. 6, 7 In the European Union, the approved indication (2019) is the treatment of severe thrombocytopenia in adult patients with CLD undergoing invasive procedures. 8 Data from multicenter, randomized, double-blind, placebo-controlled, clinical trials showed that lusutrombopag significantly reduced the proportion of patients with CLD who required platelet transfusion before invasive procedures (P < 0.01 vs. placebo). [7] [8] [9] In the lusutrombopag treatment group of the phase 3 L-PLUS 1 trial, the median platelet count increased to ≥50 × 10 9 /L after 5 days, and the mean time to reach maximum platelet count was 13.4 days. 7 The follow-up L-PLUS 2 study confirmed the efficacy of lusutrombopag, with the median platelet count increasing to ≥50 × 10 9 /L after 6 days, and maximum platelet count being reached around day 12. 8 In Japan, postmarketing surveillance is carried out by manufacturing companies and serves an important role in ensuring the appropriate use of newly approved drugs, and in confirming their safety and effectiveness in real-world clinical practice. 10 Thus, Shionogi is carrying out ongoing postmarketing surveillance of the safety and effectiveness of lusutrombopag in Japan for the treatment of thrombocytopenia in patients with CLD undergoing invasive procedures in routine clinical practice. This postmarketing surveillance was initiated in October 2016, and will be completed in May 2021. The current manuscript presents the results of interim postmarketing surveillance data up to 27 September 2018.
METHODS

Study design and treatment
T HIS SURVEILLANCE WAS carried out in accordance with the Japanese regulatory requirements stipulated in the Good Post-Marketing Study Practice. According to exemptions under the Good Post-Marketing Study Practice ordinance by the Ministry of Health, Labor, and Welfare, institutional review board approval and informed consent were not required. However, the postmarketing surveillance protocol is consistent with the principles of the Declaration of Helsinki. This surveillance was registered with the Japan Pharmaceutical Information Center (identifier: JapicCTI-163 432).
The planned survey period is from October 2016 to May 2021, and the enrollment period is from October 2016 to September 2020. The target number of patients is 1000. Patients with CLD and thrombocytopenia receiving lusutrombopag who are registered centrally during the surveillance period and scheduled for an invasive procedure are being enrolled in this postmarketing surveillance at approximately 250 sites in Japan. The observation period is 2 months, starting from the first administration of lusutrombopag. If additional treatment cycle(s) are carried out within 6 months of starting the first treatment, the observation period is extended for another 2 months from the start of each additional treatment cycle.
Data are collected from physicians using specific survey case report forms, and include demographic and clinical data, comorbidities and medical history, type of invasive procedures carried out, whether platelet transfusion was administered during the observation period, concomitant therapies, examination result of portal vein thrombosis, adverse events (AEs), and clinical laboratory tests (including platelet count).
According to product labeling in Japan, lusutrombopag is indicated for the treatment of thrombocytopenia in patients with CLD undergoing an invasive procedure, other than laparotomy, thoracotomy, open heart surgery, craniotomy, or organ excision. 6, 7 The recommended oral dosage of lusutrombopag is 3 mg, once daily for 7 days. Lusutrombopag administration should begin approximately 8-13 days before the scheduled date of the invasive procedure, and platelets should be monitored closely in Japan. 6, 7 For the purposes of this surveillance, an additional treatment cycle was defined as readministration of lusutrombopag between day 10 and 6 months from the start date of the first treatment.
Safety
AEs occurring during and after treatment with lusutrombopag were recorded. Serious AEs and adverse drug reactions (ADRs) were evaluated by cycle of treatment (first, second, or third). An ADR was defined as a reaction for which a causal relationship between the drug and the occurrence is suspected by either a reporting physician or ADRs of special interest, namely thrombosis-and thromboembolism-related events, were also evaluated. AEs were coded using the Medical Dictionary for Regulatory Activities/ Japanese version 21.0, and classified by system organ class and preferred term.
Effectiveness
The effectiveness measure was the proportion of patients who did not require preoperative platelet transfusion, and the change in platelet count by baseline platelet count and by cycle of treatment (first, second, or third).
Statistical analysis
It was estimated that 10.8% of cirrhosis patients (Child-Pugh class A and B) would experience hepatofugal portal vein blood flow or have a history/presence of thrombosis or thromboembolism. 11 This surveillance aimed to enroll 1000 patients in order to detect a ≥3-fold increase in the incidence of thrombosis-related AEs in such patients taking lusutrombopag based on clinical trial data with a onesided significance level of 2.5% and 80% power. The safety analysis set was defined as all patients with a data-fixed initial administration surveillance form or retreatment surveillance form, except those considered unsuitable for the safety evaluation (i.e., patients with registration violations, cases of data duplication, and patients from institutions that did not agree to publish data). The effectiveness analysis set was defined as all patients included in the safety analysis set minus exclusions (i.e. patients with off-label use, unapproved dosage, or Child-Pugh class C [an unapproved population in Japan]).
Descriptive statistics were used for baseline demographic and clinical characteristics, with n (%) for categorical variables and mean ± standard deviation for continuous variables. The significance level was set at 5% (two-tailed). The statistical software used was SAS Ver. 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
Patients
The first patient was enrolled on 27 October 2016, and the data cut-off date for this interim analysis was 27 September 2018. Data from 338 patients were analyzed, and among them, 20 patients received two cycles of lusutrombopag, and one patient received three cycles of lusutrombopag. Patient disposition is shown in Figure 1 .
The safety analysis set included 331 patients. Seven patients were excluded for the following reasons: registration violations (n = 2), data duplication (n = 2), and institutional refusal to publish results (n = 3). A subset of 315 patients was included in the effectiveness analysis set. A total of 16 patients were excluded from the effectiveness analysis set for the following reasons: off-label use (one patient without CLD), unapproved dosage/administration (one patient treated with lusutrombopag for >7 days), and use in an unapproved population (14 patients with Child-Pugh class C liver disease).
In the safety analysis set, most patients were men (n = 208, 62.8%), aged <80 years (n = 303, 91.5%), and had liver cirrhosis (n =312, 94.3%; Table 1 ). The mean baseline platelet count was 46.2 ± 13.7 × 10 9 /L (range, 15-110 × 10 9 /L; n = 328). The proportion of patients with baseline platelet counts <30, 30-<50, and ≥ 50 × 10 9 /L were 7.9%, 59.2%, and 32.0%, respectively; platelet count was unknown in three patients (0.9%). The proportion of patients who had current or a history of thrombosis/thromboembolism was 10.9% (Table 1 ).
There were 377 invasive procedures in 331 patients in the safety analysis set. The most frequent procedures were radiofrequency ablation (110 procedures, 29.2%), transarterial chemoembolization (59 procedures, 15.6%), and endoscopic injection sclerotherapy (49 procedures, 13.0%; Table 2 ). The mean time from starting lusutrombopag treatment to the invasive procedure was 12.3 days. Table 3 ). No thromboembolism events were reported. Five patients had fatal outcomes: two with liver failure, and one each with bacterial peritonitis, acute renal failure, and intraperitoneal hemorrhage. No causal relationship was established between lusutrombopag and any of these events. For all events resulting in death, the cause was considered to be an underlying disease or a complication. Specifically, in one patient who experienced liver failure, this was thought to be related to the transcatheter arterial chemoembolization and radiofrequency ablation procedures.
A total of 14 ADRs, reactions for which a causal relationship between the drug and the occurrence was suspected, occurred in 11 patients (3.32%), including portal vein thrombosis (n = 4, 1.21%), increased alanine aminotransferase (n = 2, 0.60%), and increased aspartate aminotransferase (n = 2, 0.60%; Table 4 ). In the 21 patients who received a second or third treatment cycle, no ADRs were reported during the retreatment observational period.
Of six patients who experienced serious portal vein thrombosis, four events were reported in four patients as ADRs. The onset for three of these was between day 8 and day 14, and the fourth occurred on day 36 after initiation of lusutrombopag. Three thrombotic events occurred after the invasive procedure and one occurred before the procedure. Portal vein thrombosis was identified by ultrasonography and computed tomography in two patients, and by computed tomography in the other two patients. One patient was treated with warfarin potassium, one was treated with human antithrombin III and danaparoid sodium, and the other two patients were not treated. The outcome of the thrombotic event was "not resolved" in one patient who did not receive treatment, and was "resolving" in three patients. Three patients had baseline platelet counts <50 × 10 9 /L, and one patient had a baseline platelet count ≥50 × 10 9 /L. Platelet counts on the day of thrombosis onset were 35-72 × 10 9 /L, and the maximum change in platelet count from baseline was 15-41 × 10 9 /L, indicating that there was not an excessive increase in platelet count. Of 36 patients who had current or a history of thrombosis/thromboembolism, only one patient developed portal vein thrombosis (aggravation of portal vein thrombosis). No thrombotic events were observed in the 14 patients with Child-Pugh class C (a population in which lusutrombopag is not approved in Japan).
Three patients with baseline platelet counts <50 × 10 9 /L and one patient with a baseline platelet count ≥50 × 10 9 /L reached a platelet count ≥200 × 10 9 /L. Portal vein thrombosis occurred in one patient; however, the event was considered to be not related to lusutrombopag.
Effectiveness
Of 300 patients who underwent an invasive procedure, except for those with platelet transfusion refractoriness, 282 patients (94.0%) underwent invasive procedures without Table 4 Incidence of adverse drug reactions platelet transfusion, and 185 of 199 (93.0%) of those with a baseline platelet count <50 × 10 9 /L underwent invasive procedures without platelet transfusion ( Table 5) .
The time course and magnitude of changes in platelet counts over time were similar among patient subgroups stratified by baseline platelet count (Fig. 2) . In patients with platelet measurements before and after lusutrombopag administration who did not undergo platelet transfusion, the mean maximum platelet count was 88.7 ± 35.1 × 10 9 /L (range 25-352; n = 286), and the mean maximum change in platelet count from baseline was 41.7 ± 31.4 × 10 9 /L (range À6 to 276; n = 286). The time course and magnitude of changes in platelet count with/without platelet transfusion after lusutrombopag administration are shown in Figure 3 . Platelet count was consistently lower in patients who underwent platelet transfusion after lusutrombopag administration than in those without platelet transfusion. There was no significant increase in platelet count in patients with platelet transfusion. Although the number of patients retreated with lusutrombopag was small, the time course and change in platelet count from baseline were similar regardless of treatment cycle (Figure 4 ).
DISCUSSION
T HIS ONGOING POSTMARKETING surveillance provides interim data on the safety and effectiveness of lusutrombopag in Japanese patients with CLD undergoing invasive procedures in routine clinical practice. To the best of our knowledge, our surveillance is the largest to date involving the use of lusutrombopag in this setting, and patients will continue to be enrolled in the surveillance program until September 2020.
In this interim analysis, 32.0% of patients had a baseline platelet count ≥50 × 10 9 /L, which is notably different from clinical trials of lusutrombopag, in which patients with a baseline platelet count <50 × 10 9 /L were supposed to be enrolled according to the protocol. [7] [8] [9] Under real-world conditions, platelet target levels might be set at ≥50 × 10 9 /L depending on the individual needs of the patient and the procedures being carried out; thus, we would expect a proportion of patients to be administered lusutrombopag in some clinical practice situations despite having a platelet count ≥50 × 10 9 /L. In this surveillance, only one patient with a baseline platelet count ≥50 × 10 9 /L experienced a thrombus-related - †Number of patients who underwent an invasive procedure, except for those with platelet transfusion refractoriness. ‡Number of patients who did not require platelet transfusion before an initial invasive procedure. §Not included in the effectiveness analysis, because this is an unapproved indication for lusutrombopag in Japan. AE. Furthermore, 10.9% of patients in our surveillance population had a current thrombosis/thromboembolism or a history of thrombosis/thromboembolism, although such patients were excluded in the prior clinical trials. [7] [8] [9] Of patients who had a current thrombosis/ thromboembolism or a history of thrombosis/ thromboembolism, only one developed portal vein thrombosis (aggravation of portal vein thrombosis). Therefore, the surveillance data provide important information on outcomes in patients for whom clinical trial results provide no guidance on the usefulness of therapy. Overall rates of serious AEs and ADRs, respectively, in the surveillance data, were 8.76% (including six cases [1.81%] of portal vein thrombosis) and 3.32% (including four cases [1.21%] of portal vein thrombosis). Most patients in the postmarketing surveillance population had cirrhosis (94.3%), and some could have had pre-existing thrombosis. It is also well known that patients with cirrhosis are at an increased risk of spontaneous or procedurallyrelated portal vein thrombosis. 12, 13 Thus, the portal vein thrombosis cases identified during the postmarketing surveillance might not necessarily be related to lusutrombopag treatment. In fact, three of four ADRs occurred after invasive procedures, such as radiofrequency ablation, and it is possible that the procedure itself played a role in thrombus occurrence. In addition, there was no excessive increase in platelet count at the time of these events. It is possible that patients who experienced thrombosis were in a hypercoagulable state; however, because markers, such as anti-thrombin and protein C, were not measured in this surveillance, this is difficult to assess. Nevertheless, it is important to monitor the platelet count closely and to be vigilant for any occurrence of thrombosis/thromboembolism.
In our surveillance, the proportion of patients who did not require preoperative platelet transfusion was high (94.0%). Improvements in platelet count were similar across a range of different baseline platelet count values, with a mean maximum change from baseline of 41.7 ± 31.4 × 10 9 /L. All 21 patients who received a second or third round of treatment with lusutrombopag avoided platelet transfusion before their invasive procedure. Contrary to the protocols of the clinical trials of lusutrombopag, 7-9 26 patients did not receive platelet transfusion, despite having a platelet count <50 × 10 9 /L before the procedure. This was based on a decision by their physician, as per routine clinical practice.
In patients treated with 3-mg lusutrombopag in clinical trials carried out both in Japan 7 and globally, 8 ADR rates of 8.3% and 5.6% were observed. The respective proportions of patients who did not require platelet transfusion were 79.2% and 64.8%. In this surveillance, the ADR rate was 3.32%, and the proportion of patients not requiring platelet transfusion was 94.0%. Given the variability across the clinical studies and this surveillance, such as differences in study design and patient enrollment criteria, it is difficult to directly compare the present surveillance results with those of the L-PLUS studies. Nevertheless, despite the differences in characteristics between patients enrolled in the clinical trials compared with the present surveillance, it is reassuring that the present results confirm the safety and effectiveness of lusutrombopag, and further validate the results of the clinical trials. [7] [8] [9] These interim results are also consistent with other recent reports of the safety and effectiveness of lusutrombopag in both treatmentnaïve and retreatment patients. [14] [15] [16] Lusutrombopag is currently the only thrombopoietin receptor agonist with available postmarketing surveillance data for treatment of patients with CLD and thrombocytopenia undergoing invasive procedures. Another agent, avatrombopag, was approved in the USA in May 2018, but no real-world surveillance data have yet been reported. 17, 18 The main strength of the present postmarketing surveillance is the fact that data were collected from patients with a variety of baseline characteristics. Thus, the results of this surveillance will allow a more thorough assessment of the safety and effectiveness of lusutrombopag in real-world clinical practice. However, definitive conclusions cannot be made from this interim analysis and will need to wait until final data become available.
The main limitations of this surveillance are those inherent to the observational study design. For example, not all data points were collected at the same time for all patients, and there was no control arm. Furthermore, the fact that this surveillance was carried out only in Japan means that the findings might have limited generalizability to other ethnic populations.
The interim results of this real-world surveillance did not show any unexpected safety signals related to lusutrombopag, and most of the treated patients did not require platelet transfusion before a planned invasive procedure. Therefore, lusutrombopag appears to be a safe and effective treatment option for patients with CLD and thrombocytopenia undergoing invasive procedures. We expect to further expand the present results with those of the final analysis of the postmarketing surveillance data.
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